In this paper an optofluidic chip for simultaneous determination of refractive index and acquisition of absorption or fluorescent spectra is described. The system comprises a microfluidic channel with multiple inlet/outlet for sample handling and a dual fiber optic probe, standing face to face across the channel, for the optical measurements. An FBG based Fabry Perot cavity, and a Braggmeter, allow for interferometric measurement of the refractive index while external illumination and a multimode fiber enable acquisition of the absorption/fluorescence spectra with a CCD spectrometer. Preliminary results showing the viability of simultaneous measurement are obtained from the characterization of mixed samples with distinct refractive index and dye concentrations.
INTRODUCTION
Optical techniques such as absorption and fluorescence spectroscopy together with label free refractive index based measurements are commonly used in chemical and biochemical sensing applications due to numerous advantages like real-time and non-intrusive detection, good reliability and sensitivity [1] . The simultaneous use of these techniques to characterize the same sample provides more complete information and may allow better discrimination in diagnostic and analytical applications [2] . For instance, detection of variations of the refractive index of living cells can be useful in sensing of e.g. intraerythrocyte parasites or cancer forms [3] , while monitoring its color changes can expand the spectrum of applications allowing better determination of the stage of the disease, especially in the case of advanced cancerous forms or in a parasitic invasion, where the classical single-wave spectroscopy reveals reduced resolution [4] . Since the advent of microfluidics, the development of miniaturized integrated systems on the same chip platform has gained huge popularity in analytical chemistry. In comparison with standard analytical methods, microfluidic devices offer the advantages of faster sample analysis, higher throughput, reduced reagent use, automation of complex bioanalytical processes greatly reducing operational costs [5] .
For the fabrication of the microfluidic platform many alternatives are described in literature [6] . The use of a microstructured layout onto glass support, closed by a PDMS block, allows practical and easy mounting and cleaning of the chip. SU-8, an epoxy-based negative photoresist, is one of the most used materials for the fabrication of high aspect ratio microfluidics due to its good chemical, mechanical and thermal properties. Recently many microfluidic systems have been explored for cell diagnosis and characterization. Cell refractive index was measured using distinct configurations, mostly based in interferometric analysis. Setups varied from optofluidic cavity between mirrored glass plates, to more advanced microstructures using cell holders or optical trapping. In this context, fiber Bragg grating (FBG) based cavities are interesting alternatives for interferometric on-chip analysis [7] .
In this work an optofluidic chip setup for simultaneous NIR interferometry and UV/VIS absorption or fluorescence spectroscopy based on an SU-8 microfluidic platform with embedded fiber optic sensors is presented. A new arrangement using both multimode and single mode fibers enables the multi-technique characterization of complex samples in an integrated setup. Preliminary results of measurements performed with sample solutions and the proposed microchip configurations are presented. produce hundreds of PDMS replicas with very good precision. The inlets and outlets of the PDMS chips were done using a blunt needle. The chips were irreversibly bonded to 3.5 x 2 cm2 glass slides by using plasma oxygen. The samples were characterized by optical microscope (Leitz Laborlux 12 ME ST) with an integrated feature measurement tool.
Optical sensors arrangement
Different fibers could be inserted and self-aligned into the chip grooves using either SU-8 or PDMS chips enabling distinct sensing configurations to be tested in an integrated setup (figure 2). In this particular work a SMF28 fiber having a 60% reflectivity FBG at 1550nm, place at 1 cm from the fiber tip was inserted into one of the grooves. On the opposite groove a multimode fiber (50/1250 μm) with a 60% reflectivity TiO 2 mirror (RF-sputtering, 25 nm) was used instead. Reflections between the mirror and the FBG, sets up an interferometric cavity, with a spectral output that is sensitive to the refractive index of the sample flowing through the channel. External illumination scattered by the sample in the channel, on the other hand, can be picked up by the multimode fiber, enabling spectroscopy. Figure 2 (left) shows the experimental setup. The measurements were performed using a FS2200 Braggmeter (FiberSensing, SA), with 1 pm resolution (1500-1600nm), connected to the SM fiber enabling the acquisition of the FP cavity interferometric spectra. Also a CCD Spectrometer (USB4000, Ocean Optics) was used to acquire the absorption spectra via the MM fiber. The chip was assembled on top of an inverted microscope setup with digital image acquisition and tungsten illumination. Both measurement devices were controlled by the same Labview application enabling simultaneous operation. To demonstrate the system viability, measurements were performed using a matrix of samples having different concentrations of acetic acid (for refractive index setting) and Malachite Green dye for color adjustment.
RESULTS
Solutions with distinct refractive indexes were shown to shift the NIR fringe pattern (figure 3 -left) of the resonant cavity. A calibration curve obtained with solutions with refractive index of 1.33240, 1.34450, 1.35420 and 1.36820, obtained by adjusting the acetic acid concentration in the 0% to 70% range can be seen in figure 3 -right. Simultaneously, measurements of the solution absorption spectra were acquired by the spectrometer through the MM fiber. As the dye concentration increased from 0% to 33% the effect starts to be visible in the acquired spectra, as shown in figure 4 -left, translating into an increased absorption around 650 nm (figure 4 -right). 
CONCLUSION
In this paper an optofluidic chip for simultaneous measurement of refractive index and absorption spectroscopy using an integrated setup was demonstrated. Results obtained using sample solutions with distinct acetic acid and green dye concentration show the viability of the system. Refractive index was determined with a resolution around 10 -4 RIU using the spectral readout system. However, at least an order magnitude improvement can be attained using interferometric readout schemes. In addition, the acquisition of the absorption spectra was obtained using integration time of 1 s and diffuse external illumination. The measurement of smaller concentration changes of dyes is therefore possible using higher integration times and focused illumination. The system presented has a strong potential towards multi-parameter diagnostic of single cells where refractive index and color changes are known to be indicators of pathological state, as well as other analytical applications.
